A ti a ter-soluble polysaccliaride containing amino sugars was isolated from the culture fluid of Bacillus cueus by alcohol precipitation and purified by chromatography on DEAE-cellulose followed by gel filtration. It was composed of N-acet~~lglucosamine, N-acetylgalactosamine and D-glucose, in the molar ratio 5 : 3 : I . A\-Acetylgalactosamine was found at the reducing end. The polymer gave a single peak in the analytical ultracentrifuge, corresponding to a mol. wt of 35000.
Medium uiicl culture. The medium contained Casamino acids, 3.0 g (Baltimore Biological Laboratories): Na,HPO,, 2-5 g; KH,PO,, c.35 g; NaCl, 1-5 g; MgSO,, 0-15 g; FeSO,. I mg: MnSO,, I mg; thiamine, 4 mg; nicotinic acid, 4 mg; and a carbon source, usually n-glucose, _s g in I 1 of water. To study the production of polysaccharjde under different growth conditions, 50 ml mediuni in 250 ml flasks was shaken on a rotary shaker at 2oo/min. For large-scale production, 1/1 cultures in 6/1 flasks were shaken at 80 strokeslmin. Grou tli i t 21s monitored as absorbance of culture saniples in a Klett-Summerson photoelectric colorimeter usins filter no. 66 (640 to 700 nin). po/i..vnc.chnrit/ti. After removal of cells by centrifugation a t
1.c.olatiou of crude exfraccllulur

D. M I R E L M A N A N D O T H E R S
7000g for 20 min, ethanol was added with mixing to the clear supernatant fluid to 70 y g (v/v) and the mixture kept overnight at 5 "C. Insoluble material equal to about 10 o o of the total amino sugar present in the polysaccharide was removed from the dialysed solution by centrifugation (13000g, 10 min) and discarded. The clear supernatant fluid was lyophilized to afford the crude polysaccharide.
Zon-exchange clzromatograplzy. Crude polysaccharide (800 mg in 10 ml of \Later) was applied to a column (I 10 cm x 242 cm) of DEAE-cellulose (Whatman DE-52 microgranular, preswollen) which had been equilibrated with water. Elution was started with uater (600 ml), then a mixing chamber containing water (1000 ml) linked to a reservoir of LiCl (0.4 M, 1000 ml) was attached to the column and a linear gradient applied. Fractions (6 ml) were collected at 18 ml/h and the elution pattern was followed by measuring the absorbance at 220 nm. Portions were analysed for neutral sugar and amino sugars. The concentration of LiCl was determined by measurement of conductivity.
Gel$ltration. A portion of the major polysaccharide fraction (350 mg in 10 in1 of water) from the DEAE-cellulose column was applied to a column of Sephadex G-IOO ( I 10 cni x 2-2 cm) equilibrated with water. Elution was carried out with water, and fractions (6 ml), collected at 30 ml/h, were analysed as described above.
Paper chromatography. (Trevelyan, Procter & Harrison, 1950) and by ninhydrin (0.5 w/v, in acetone) respectively. Ribitol and anhydroribitol were revealed by periodate-benzidine (Gordon, Thornburg & Werum, 1956) .
Analytical methods. Neutral sugars were determined by the phenol-sulphuric acid method of Dubois, Gilles, Hamilton, Rebers & Smith (1956) using D-glucose as standard. The configuration of the glucose was determined in acid hydrolysates of the polysaccharide by D-glucose oxidase (Worthington Biochemical Corporation, Freehold, New Jersey, U.S.A.). Amino sugars were determined in hydrolysates (2 M -H C~ under nitrogen for 4 h at I 10 "C) by a modification of the Elson-Morgan method (Gardell, i953) , after removal of the acid by evaporation. Glucosamine and galactosamine in the acid hydrolysates were separated and estimated on the amino acid analyser (Beckman 120C). Uronic acids were tested for by the modified carbazole procedure (Davidson, I 966) .
Infrared spectra were recorded on a Perkin-Elmer 237 spectrophotometer (pellets of 1-5 mg purified polysaccharide in IOO mg KBr). Optical rotation at 589 nm was measured on a Cary 29 instrument using the sodium D line. Molecular weight was determined using the Beckman Model E analytical ul1.racentrifuge at 59780 rev./min assuming a partial specific volume P = 0.67.
For identification of the sugar moiety at the reducing end, the purified polysaccharide (10 mg) was dissolved in water (1.0 ml) and a solution of tritiated sodium borohydride (25 mCi, 87 mCi/mmol, Radiochemical Centre, Amersham, Buckinghamshire) in water was added. After 16 h at 4 "C, acetic acid was added to destroy excess borohydride and the solution was dialysed extensively against water. A sample of the polysaccharide containing I O~ c.p.m. was hydrolysed (6 wHCl,4 h, I 10 " C ) and analysed according to the method of Bella Total nitrogen (Steyermark, 1961) , organic and inorganic phosphorus (Chen, Toribara & Warner, 1956 ) and N-acetyl groups (Ingram, 1960) were estimated as described in the liter at u re.
R E S U L T S A N D D I S C U S S I O N
Efc>cts of growtli conditions on polj~.r.accliuride production. No correlation between the growth curve of the bacterium and the production of polysaccharide was found (Fig. I ) . The culture reached the stationary phase after 16 11, whereas the extracellular polysaccharide only attained a constant maximal value after 48 h. This behaviour resembles Pl~~*scrruri~ po/iycephalum (McCormick, Blomquist & Rusch, I 970) ; polysaccharide is released into the medium very slowly during logarithmic growth but extracellular polysaccharide increases 20-fold after the culture becomes stationary. This phenomenon may arise for one of the following reasons: (i) the polymer may be produced during the logarithmic phase, but not excreted until the stationary phase, perhaps because the permeability of the bacterial walls and membranes changes. Changes in the permeability of Bucillus .wbtili.s. men1 brane permitting competence occur only after a certain period of culture growth (Spizizen, 1958) ; (ii) the extracellular polysaccharide may be produced only when sporulation begins. Sporulation in B. subtilis begins at the end of the exponential phase of growth (14 to 16 h) and reaches a maximum after 36 to 40 h of the stationary phase (Boylen & Ensign, 1968) . In our culture sporulation was first observed after 1 2 h of growth, at which time some polysaccharide could be detected; (iii) synthesis may be delayed until the culture reaches the stationary phase; (iv) the extracellular polysaccharide may originate by autolysis. This view can be excluded since no soluble polysaccharide could be detected in the solution when bacteria ere allowed to autolyse for 24 h in buffer after reaching the stationary phase.
Polysaccharide production was maximal after 48 h at 37 -C. Using a standard glucow medium, approximately 300 mg crude polysaccliaride/l was formed. N o significant change I t i
On: Sun, 04 Nov 2018 06:58:17 either the amount of polysaccharide or the amino sugar to neutral sugar ratio ( 5 : I) was observed when glucose was replaced by sucrose, maltose, D-glucosamine, N-acetyl-Dglucosamine or beet sugar molasses. At 28 "C polysaccharide production was only 10 % of that at 37 "C, although the micro-organism concentration was 400 Klett units at both temperatures. At 45 "C, the absorbance of the medium after 48 11 was 70 Klett units, and little polysaccharide could be isolated. Growth and polysaccharide production were unchanged over the range pH 6 to 9; no growth was observed below pH 5 or above pH 10. Increase of the culture volume from 50 ml to I 1 resulted in a decrease of 50 in polysaccharide yield, a phenomenon which we cannot explain. One-1 cultures were nevertheless used for large-scale preparation of the polysaccharide.
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Piirificatiori of crude polysaccharide. Crude polysaccharide (800 mg) was purified on a DEAE-cellulose column (see methods and Fig. 2 ) . Peak I (10 mg material in an elution volume 200 to 270 ml water) was discarded. Peak TI (510 mg) was eluted between 720 and 780 ml o-02 M-LiC1, and 77 mg of more acidic material was eluted with 815 to 880 ml o-15 MLiCl (Peak 111). The composition of these fractions is given in Table I third peak, which contained glucosamine, ri bitol and phosphate, was apparently a teichoic acid. Peak I1 was further purified by gel filtration on Sephadex G-loo (Fig. 3) . Ninety per cent of the material applied to the Sephadex column emerged in the first peak which was composed of amino sugars (80 %) and neutral sugars (10 x) (Table I); the remaining 10 : / : ) emerged later and contained material absorbing at 280 nm (probably protein) together with small amounts of neutral sugar. Paper chromatography of hydrolysates of the purified polysaccharide revealed that glucose was the only neutral sugar and the amino sugars were glucosamine and galactosamine. All the glucose was of the D-configuration as determined by D-glucose oxidase.
On the amino acid analyser, acid hydrolysates of the crude polysaccharide and of the purified polymer gave a shoulder of material emerging after galactosamine. Treatment with acid (2 M-HCl, 4 h, I I O "C) of a control mixture of N-acetyl-D-glucosamine, .V-acetyl-~-galactosamine and D-glucose (in the same ratio a s in the hydrolysates) did not give the same shoulder and it may represent a small amount of an unidentified amino sugar. The ratio of glucosamine to galactosamine calculated from autoanalysis was I '65 : I . The amino sugars were completely N-acetylated since the polysaccharide did not react with nirihydrin or fluorodinitrobenzene. Total nitrogen (4-3 7;) and N-acetyl ( I 5-3 %) were in good agreement with the value expected for a fully acetylated polymer. Thus the purified polysaccharide apparently has the following composit ion : N-acetylglucosamine + N-acetylgalactosamine + D-glucose, 5 : 3 : I. The fact that the polysaccharide is slightly retarded on DEAE-cellulose despite its apparent lack of negatively charged groups may perhaps result from hydrophobic interactions between the polysaccharide backbone and the cellulose.
Infrared spectroscopy indicated the presence of N-acetamido (amide bands at 1640 cmand I 550 cm-I) and no 0-acetyl absorption. Bands characteristic for a-and /l-glycosidic linkages (840 cm-1 and 890 cm-I respectively) were also present. The purified polysaccharide Reduction of the purified polysaccharide with sodium borohydride (3H) followed by acid hydrolysis yielded several radioactive compounds. Paper chromatography with solvent D revealed a number of slow migrating radioactive oligosaccharides and one compound which migrated as hexoaminitol. On the amino acid analyser, the radioactive hexosaminitol migrated at the same rate as a standard of galactosaminitol which clearly separated from glucosaminitol. Thus galactosamine is apparently the terminal reducing amino sugar.
The polysaccharide described in this paper is the only bacterial extracellular polysaccharide known to contain both N-acetylglucosaniine and N-acetylgalactosamine in such high proportion. A similar capsular polysaccliaride isolated from Bacillus licheniformis (Sharon, I 957) 
